Abstract Purpose: To prospectively evaluate the diagnostic performance of computed tomographic colonography with limited bowel preparation for the depiction of colorectal polyps, by using conventional colonoscopy as the gold standard technique. Material and Methods: The study included forty five consecutively registered patients referred for conventional colonoscopy for colorectal cancer screening or for evaluation of colorectal symptoms, and they were scheduled to undergo MDCT examination on the same day at Radiology Department in our institution, before the conventional colonoscopy examination. All patients undergo limited preparation main outcome measures: sensitivity, specificity, positive and negative predictive value of CTC versus CC in each group and overall. Results: A total of 60 polypoid lesions were detected with colonoscopy in 45 patients; overall sensitivity of CTC in polyp detection was 85.71%, specificity 71.24, PPV 96.77 and NPV 33.33, as regarding CTC performance in each group. Conclusion: This study proved that CTC with limited cathartic bowel preparation and iodinated agents for fecal tagging can obtain high sensitivity and PPV values results for <5 mm polyps comparable to those obtained with conventional preparation with laxatives. Furthermore, this method could really improve the acceptance of CTC for colorectal cancer screening.
Introduction
Twenty years after its introduction, computed tomographic colonography (CTC) has reached its maturity, and it can reasonably be considered the best radiological diagnostic test for imaging colorectal cancer (CRC) and polyps. The advantages of this technique are less invasive than conventional colonoscopy (CC), easy to perform, and standardized (1) .
Reduced bowel preparation favors patient compliance. Widespread performance of a new emerging image reconstruction algorithm has minimized radiation exposure, and the use of dedicated software with enhanced views has enabled easier image interpretation. Also, integration in the routine workflow of a computer-aided detection algorithm reduces perceptual errors, particularly for small polyps (2, 3) .
Recent evidence in the literature shows that the diagnostic performance for the detection of CRC both in symptomatic (2, 3) and asymptomatic subjects (4, 5) is similar to that of conventional colonoscopy (CC) and is largely superior to that of Barium Enema (BE), thus leading the European Society of Gastrointestinal and Abdominal Radiology (ESGAR) and the European Society of Gastrointestinal Endoscopy (ESGE) ''. . . to recommend CT colonography as the radiological examination of choice in the context of colorectal neoplasia'' (6) , and to discourage the use of Barium Enema (BE) if CTC is available.
CTC is a noninvasive imaging technique that has the advantages of rapid data acquisition, minimal patient discomfort, lack of need for sedation, and virtually no recovery time (7) . As with other colonic examinations, CTC requires a clean colon for optimal assessment of the bowel wall (8, 9) . However, the necessary cathartic bowel preparation is often described by patients as the most burdensome part of colonic examinations (10) (11) (12) (13) .
Several studies have reported promising results for CT colonography with regard to image quality and accuracy after a less extensive bowel preparation (8) . Tagging of fecal matter has been a substantial improvement in this line, as the need for exhaustive colonic cleansing is relaxed, while allowing good discrimination between polyps and feces (8) . Some researchers conclude that lowering the dose, or even abolishing the use of cathartics, combined with fecal tagging, increases patient acceptance of CTC (8, 14, 15) , achieving, in some instances, a sensitivity for polyp detection comparable to that of conventional cathartic preparation (16) .
There has been no general agreement as to which tagging agent to use or on quantity and timing of contrast medium administration, so far. However, the prospect of replacing conventional preparation with cathartics drives research to find a new method combining diagnostic reliability, ease of preparation and patient acceptance (17) .
This study aimed to determine the diagnostic performance of computed tomographic colonography with virtual colonoscopy with limited cathartic preparation in colorectal cancer screening in comparison with conventional colonoscopy as a gold standard technique.
Patients and methods
This study included 45 patients, 34 males and 11 females, their ages ranged from 17 to 70, mean age (51 ± 3 years), seven patients (4 males and 3 females) were excluded from the study due to intolerance to do CTC or conventional colonoscopy (CC).
The study was done between June 2011 and September 2013, all patients were consecutively registered and referred for conventional colonoscopy for colorectal cancer screening in 34 patients or for evaluation of colorectal symptoms in 18 patients, including melena, positive fecal occult blood test, bleeding per rectum, iron deficiency anemia, personal or family history of polyposis or neoplasms were scheduled to undergo MDCT examination on the same day at Radiology Department in our institution before the conventional colonoscopy examination.
The study was approved by the hospital ethics committee, and informed consent was obtained from all patients before the examination.
Patient preparation
All patients were subjected to history taking and patients' complaints were melena, positive fecal occult blood test, bleeding per rectum, iron deficiency anemia and personal history of polyposis or neoplasms. Fourteen patients had significant family history of polyposis or neoplasms.
Ultra-sonographic examination was done for all patients as a preliminary step before MDCT evaluation, scanning done trans-abdominal by (Logic 5, GE equipment, USA).
MDCT scanning was done in all patients using 16 channel MDCT machine [bright speed, GE medical systems, New York, USA] and obtained data were stored in DICOM format and re-evaluated using Workstation Volume Share 2 (GE Healthcare) for post processing.
Patients' preparation
Patients were instructed to maintain a clear liquid low fiber diet 48 h prior to examination followed by oral intake of 4 bisacodyl tablets at the evening before examination, and bisacodyl suppository at the morning of the day of examination to reduce the amount of feces in the colon.
Fecal tagging
For fecal tagging, patients were instructed to drinks 1 L of water mixed with 15 ml of A combination of 80 ml barium sulfate suspension (Tagitol V, E-Z-EM Inc., Westbury, USA) and 180 ml diatrizoate meglumine (200 mg/ml, hospital pharmacy) over a period of 3 h just prior to MDCT scanning.
Five patients received IV iodinated contrast media. Dose was calculated as 1 ml/kg body weight. All patients did not receive any spasmolytic drugs.
For bowel distension a Foley's catheter (19 French) was inserted into the patients' rectum in the right lateral position. Air was then insufflated manually to the maximum patient tolerance by using insufflation pump. The degree of distension was then assessed by a scout view. More air was insufflated in patients with poorly distended segments till the maximum patient tolerance was reached. All CTC examinations were performed under direct radiologist supervision to ensure optimal image quality. No spasmolytic agents were used. The typical in-room time for CTC was 12 min.
MDCT scanning technique
Scanning was performed after good distension of the colonic segments, in both supine and prone positions. Each scan was done in a single breath hold with the following parameters: (mA = 50), effective slice thickness 1 mm, collimation 0.6 mm, reconstruction increment 0.75 mm. FOV was individualized in each patient to allow complete evaluation of the abdomen and pelvis, with visualization of all colonic segments. Five patients were injected by IV contrast, during supine position, and scanned 50 s after injection started.
Image processing
The obtained data were processed in 2D plans using multiplanar reconstructions (MPR) in axial, coronal, sagittal planes in different window levels and width (soft tissue window, lung window).
3D endoluminal images (fly through mode), volume rendered images (3D transparency mode).
Post-processing and image analysis data sets obtained were transferred in real time to an advantage Workstation Volume Share 2 (GE Healthcare), with 2.8-GHz CPU, 3.37 Gb RAM, 140 Gb HD. For each scan, we used MPR in the sagittal and coronal planes and volume rendering (VR) for endoluminal viewing (virtual endoscopy). All images were interpreted on computer workstation.
Image interpretation
Each examination was analyzed blindly by two radiologists with 7 years experience in virtual endoscopy and who were unaware of patients' clinical data. Consensus reading, or a double read strategy, was performed in case one radiologist found a polyp 4 mm or larger in diameter but the other did not or whether both readers found the same lesion but disagreed on morphology, size, or location. Radiologists first assessed supine and prone axial images and then MPR and VR images. For each step, radiologists expressed a diagnostic judgment on any lesion identified based on the following parameters.
The colon anatomically is subdivided into 4 segments:
(1) Right sided colon (including cecum and ascending colon). Morphology of polyps (sessile, pedunculated, or flat [i.e., height < 3 mm]) was also considered (2) Mass. (3) Diverticulae.
Pathological analysis
Adenomas were classified as tubular, tubulo-villous, villous, serrated, high-grade dysplasia or adenocarcinoma. Neoplastic lesions were defined as adenoma or adenocarcinoma. Advanced adenomas were defined as tubular adenomas (P10 mm diameter) or adenomas of any size with more than 25% villous component or high grade dysplasia. Advanced neoplasia included both advanced adenomas and adenocarcinomas. Invasive carcinoma was defined as a malignant extension past the muscularis mucosae (15).
Colonoscopy
Colonoscopy was performed within 3-22 days (mean 11 days) after CT colonography. Four liters of polyethylene glycol electrolyte solution (KleanPrep; Helsinn Birex Pharmaceuticals, Dublin, Ireland) or 4 L of macrogol solution (Colofort; Laboratoires Macors, Auxerre, France) and a clear liquid diet in the preceding evening were used for colonoscopy. The examination was performed by experienced Endoscopic Surgeon (AH) with 15 years experience for GI endoscopy and colonoscopy nurses, using a standard colonoscope (Olympus Medical Systems Europe, Hamburg, Germany). With the segmental blinding technique, the results of t CT colonography were hidden from the colonoscopist, after completing the examination of one segment. Colonoscopies were videotaped starting from the cecum. The colonoscopist estimated lesion size by an opened biopsy forceps or by a linear measure probe (Olympus Medical Systems Europe, Hamburg, Germany).
Statistical analysis
Statistical analysis was carried out by calculating sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) of CTC versus CC for each group and overall.
This work was done under IBR approval.
Results

Patients
A total of 45 patients were included in this study (34 males and 11 females). Indications for CTC included change in bowel habit in 41 patients, abdominal pain in 28 patients, anemia Table 1 .
CT colonography
The mean scanner-room examination time for patients was 21 min (range, 13-48 min). The average amount of room air insufflated was 3.9 L (range, 2.0-8.0 L). No complications occurred.
Conventional colonoscopy polyp detection
A total of 60 polypoid lesions were detected with colonoscopy in 40 of 45 patients (88.8%). (Figs. 1-3 ).
Group II
This group included 13 patients, 14 polyps that were 5-9 mm in CC and there were 12 true-positive lesions and 2 falsenegative lesions depicted at CTC (8 of these was pedunculated, 3 sessile and 1 flat). Sensitivity of CTC in this group was 85.71%, specificity 71.42, PPV 85.71 and NPV 71.42 (Table 1) .
Group III
This group included 11 patients, 8 polyps that were larger than 9 mm in CC and all of these were true-positive lesions at CTC (6 of these was pedunculated and 2 sessile). Sensitivity of CTC in this group was 85.71%, specificity 71.42, PPV 85.71 and NPV 71.42 (Table 1) (Fig. 4) .
Histopathology findings
As regarding histopathology findings, tubular adenoma was the most common pathology encountered in 40 out of 70 lesions (57.1%) detected by CC, and it was the most common benign pathology as well (Table 2) , 37 of these lesions were less than 5 mm in diameters, while the most common malignant pathology was Advanced neoplasia in 13 out of 70 lesions (18.5%).
Discussion
CTC with limited or without cathartic preparation uniquely offers the possibility of accurately visualizing the unscoped colon and avoiding the nuisance and risks associated with a further bowel preparation (after that of colonoscopy) at the same time. Although no direct comparison was performed, this represents an undoubted advantage over Barium Enema, which requires a full cathartic preparation, also entailing the risks of electrolyte disturbances. From our experience we feel that, following this report, it would be harder to prescribe a more invasive bowel preparation to those elderly patients at relatively high risk of complications, such as those affected by cardiovascular co-morbidities, when a prepless CTC has been shown to be highly feasible. Moreover, prepless CTC would also seem to be the best option in those patients in whom optical colonoscopy failed because of an inadequate bowel preparation, especially when an irreversible comorbidity -such as Parkinson's or Alzheimer disease -was the cause (18) . In this study, the high overall PPV, 95.23% in polyps < 5 mm and 85.71% in polyps between 5 and 9 mm, reflects a very good agreement in positive findings between CTC and CC because high PPV is essential for CTC to be considered as an efficient, noninvasive technique, since it protects against unnecessary duplicities in screening or diagnostic tests.
These results is close to the recent previous studies in clinical practice with conventional preparation with laxatives showing a 90-92% PPV (19, 20) and substantially outperforms a large published multi-center CTC screening trial (3). The low overall NPV (33.33%), also close to these studies (20) , makes CTC examination as a screening tool highly cost-effective. It could be argued that in a clinical practice setup, where false negative rates cannot be assessed, high PPV could result from only truly relevant lesions being detected (17) .
However, out of 45 patients who underwent CC after positive CTC findings, only 10 additional polyps were detected not previously detected by CTC. Missed lesions were mostly due to bad preparation, insufficient distension or masked by fecal residue (especially at the proximal parts of the colon).
Furthermore, the controversy between CC and MDCT reports in defining flat lesions is one of the difficulties we met during counting polyps included in this study. CC reports used expressions as mucosal elevations or sessile polyps instead of the term (flat lesions).
Iafrate et al. (18) reported that prepless CTC appeared to be feasible and safe in all the elderly patients enrolled in our study for whom a previous optical colonoscopy had failed. Such a finding should be considered as a major advance in clinical practice, because CTC without cathartic preparation uniquely offers the possibility of accurately visualizing the unscoped colon and avoiding the nuisance and risks associated with a further bowel preparation (after that of colonoscopy) at the same time, in our study high mean age of our patient was included (18) . Meric et al. assessed the tagging quality for residual stool balls P6 mm and found the tagging efficacy 91.5% comparable with the previous studies (7). They found that there was no significant difference between 4-day and 2-day diet groups in the tagging percentage of residual solid stool. In addition, the tagging of residual fluid was also not significant between two groups. Nontagged fluid was mostly negligible. None of the nontagged fluid segments covered more than 50% of the colonic segments (7). Also, Ghanouni et al. reported that perceptions of non-laxative preparation for CTC are more positive compared to all alternatives (21) .
CTC does have its limitations. One of them is in the diagnosis of patients with metallic hip prosthesis. The identification of small mucosal lesions is difficult. CTC does not allow for biopsy. Therefore, it is difficult to distinguish neoplastic lesions from inflammation and fibrosis. Radiation exposure should also be considered.
In this study, which was designed for patients suspected of having a colorectal neoplasm, the findings detected with CTC were confirmed by CC. In CC, ten lesions were detected in CC only and CTC failed to pick these lesions.
In conclusion, this study proved that CTC with limited cathartic bowel preparation and iodinated agents for fecal tagging can obtain high sensitivity and PPV values results for <5 mm polyps comparable to those obtained with conventional preparation with laxatives. Furthermore, this method could really improve the acceptance of CTC for colorectal cancer screening.
